The expression of receptors for several cytokines (IL 2, IL-4, IL-6, IL-7, tumor necrosis factor, and interferon-y) was examined in human cord blood cells in comparison with adult blood cells. A previously described high sensitivity immunofluorescence procedure was used to render the low levels of receptor measurable. Cord blood lymphocytes expressed measurable levels of most cytokine receptors, but expression tended to be lower than in adult blood cells. Examination of different lymphocyte subpopulations revealed a complex pattern with some cell types expressing particular receptors equivalent to adult levels. Cord and adult blood monocytes expressed similar cytokine receptor profiles. Receptor expression in cord lymphocytes could be regulated by activation. The results provide indications as to the relative activities of different cytokines in the development of the immune system in the neonate. (Pediatr Res 38: 397-403, 1995) The neonatal immunologic repertoire has a number of deficiencies in functional terms as well as reflecting a lack of previous antigenic exposure. Some protection from infection is afforded during the first weeks of life by transplacentally transmitted maternal IgG antibody and by iminunologic factors in breast milk. Development of immunologic memory is a postnatal phenomenon that remains incompletely understood, as does the the development of tolerance to a wide range of environmental antigens to which the human infant is exposed in the early weeks of life. There are aspects of lymphocyte function which remain immature during the early part of infancy, and relatively little is known about the role of cytokines and cytokine receptors in the maturation of immune responsiveness in early childhood.
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Cytokines control many of the reactions that constitute the immune response. Lymphocytes taken from the peripheral Abbreviations CD4 (CD8 etc.), cell marker identified by MAb given a "cluster of differentiation" designation by the Leukocyte Differentiation Antigens Workshops gp130, glycoprotein of molecular mass 130 kD IFN-y, interferon-y
IL-2R (4R etc.), IL-2 receptor (IL-4 receptor etc.)
LGL, large granular leukocyte p55 (p75 etc.), protein of molecular mass 55 kD (75 kD etc.) PE, phycoerythrin PE-SA, phycoerythrin-conjugated streptavidin PHA, phytohemagglutinin SA, streptavidin TNF, tumor necrosis factor TNFR, tumor necrosis factor receptor blood of adults express receptors for a variety of cytokines. IL-6R is found on CD4-positive T cells (I), IL-2Rp55 chain on B cells and CD4 cells (2, 3) , IL-2Rp75 predominantly on CD8 cells and LGL (4, 5) , IL-4R on a subset of B cells (6) , and the p75 TNFR predominantly on CD45RO-positive CD4 T cells (7) . If staining methods of adequate sensitivity are used, these receptors can be demonstrated on lymphocytes and monocytes taken directly from blood, without the need for in vitro activation. However, activation increases the expression of some of these receptors, in some cases dramatically. This suggests that these particular cytokines mediate "downstream" functions oil activated cells (for example proliferation), and that expression of the corresponding cytokine receptors may be used as an indicator of activation. On the other hand, because some cytokines mediate the maturation of lymphoid precursors, expression of some cytokine receptors may be expected on cells that have not been activated.
It is of interest to examine the expression of cytokine receptors on cord blood lymphocytes for two main reasons. First, these cells come from an immunologically inexperienced donor (the fetus), and differences between cord and adult cells should therefore provide clues as to which receptors are expressed as a result of immune activation. Second, lack of cytokine receptor expression may underlie some disorders in maturation of the immune system, and it will be essential to know what cytokine receptors are expressed on normal cord lymphocytes if we are to investigate possible deficits in immune deficient patients. The recent demonstration that lack of the IL-2R y-chain is the genetic defect in X-linked severe combined immune deficiency (8) is a clear, but perhaps extreme, example of cytokine receptor defects; it is possible that changes in levels of expression (as opposed to mutation or complete absence) may be responsible for more subtle immunologic deficiencies.
METHODS

Cells
Peripheral blood was taken from healthy laboratory staff and was stored into preservative-free heparin. Cord blood from healthy full-term neonates was obtained by draining blood from the cord and mixing with preservative-free heparin as soon as possible. Any samples showing traces of clotting were not used. Mononuclear cells were obtained from peripheral and cord blood by centrifugation over Ficoll/hypaque. All blood samples were obtained with informed consent, and procedures, information shcets, and consent forms were approved by the Flinders Medical Centre Clinical Investigation Committee and the Research and Ethics Subcommittee of the Queen Victoria Hospital (Women's and Children's Hospital); the decisions of both committees are governed by the Declaration of Helsinki.
MAb. The MAb against cytokine receptors used in this study are tabulated in Table 1 . Some of these antibodies were available as part of the Vth International Leukocyte Differentiation Antigens Workshop (9, 10) . Fluorescein-conjugated CD3, CD19, CD4, and CD8 were obtained from Becton Dickinson, San Jose, CA, and Silenus Laboratories, Melbourne.
ImrnunoJluorescence and j?ow cytometry. Immunofluorescence staining was carried out by the high sensitivity procedure as described in detail elsewhere (11) . In outline, the method depends on the use of three layer staining, with the MAb being detected by biotinylated anti-mouse Ig which is in turn detected by PE-SA. It is essential to use reagents which have been selected for maximum sensitivity, because biotinylated antimouse Ig reagents and PE-SA reagents vary greatly in the strength of signal produced. For two-color fluorescence, the unlabeled MAb was added first, followed, after incubation and washing, by biotinylated horse anti mouse Ig. Conjugated (fluoresceinated) antibody against CD19, CD3, CD4, or CD8 was added together with the PE-SA, after blocking available sites on the anti-mouse Ig using normal mouse Ig (11). Fluorescence was analyzed on a FACScan instrument (Becton Dickinson, San Jose, CA), using standard instrument parameters and Lysis I1 software. Monocytes and lymphocytes were distinguished on the basis of dual scatter parameters. The purity of cell populations gated on the basis of scatter parameters was verified by using FMC32 (CD14) as a monocyte marker and a mixture of OKT3 (CD3) and FMC63 (CD19) as a lymphocyte marker. The flow cytometric data are presented as dual-parameter plots, in which each dot represents one cell. The horizontal and vertical axes give the fluorescence (or scatter) intensity, on a logarithmic scale. In dual-fluorescence plots horizontal and vertical cursors divide cells into quadrants containing doublenegative, double-positive, or single-positive cells. The cursors are positioned using negative control antibodies. In the case of dual-scatter plots, a region ("gate") is drawn to include only lymphocytes, based on the scatter properties of lymphoid and other blood cells. The accuracy of this region is checked using markers for lymphocytes, monocytes, polymorphs, and erythroid cells.
In vitro activation. For in vitro functional studies, mononuclear cell fractions were isolated from cord or adult blood over Ficoll/hypaque, and cultured in 10-mL culture-grade roundbottom tubes at 5 X 10%ells/ml, 3 mL per tube, in RPMI 1640 medium supplemented with antibiotics and 10% FCS. Stimulating agents were added as described in Results. After culture for various periods (Results), cells were harvested, and the expression of various markers of activation determined by immunofluorescence/flow cytometry as described above.
RESULTS
Expression of Cytokine Receptors by Lymphocytes
Controls. Figure 1 shows the dual-scatter distribution for cord and adult cells, and the gates used for analysis of lymphocytes. A two-color analysis using X63, an IgGl negative control antibody, and CD19 shows the levels of background staining seen for B and non-B cells.
ZL-4R. Figure 1 shows that IL-4 reacts with a subpopulation of B cells in adult blood and does not stain T cells. The pattern is similar for cord blood cells, although a smaller proportion of B cells react (Table 2) .
ZL-2R. IL-2 interacts with lymphocytes through a complex receptor/transducer system with at least three components (12) . MAb against p55 (CD25) and p75 (CD122) were available for this study. Figure 2 and Table 2 show that expression of the p55 receptor is much lower on cord than on adult lymphocytes. The population showing the highest intensity of staining for p75, identified as LGL (5), is present in cord blood and is seen as the p7.5-bright subpopulation that is negative for CD19, CD4, and CD8. Although p75 expression is lower on cord than Table 2. adult B cells, the difference is significant only for T cells ( Fig.   2 and Table 2 ).
ZL-6R.
Although best known as B cell differentiation factor, IL-6 also activates T lymphocytes (13) , and MAb to the IL-6 receptor binds primarily to CD4 cells in adult blood (I). Figure  3 and Table 2 show that cord cells express somewhat lower levels of IL-6R than adult cells.
The IL-6R (p8O) associates with a gp130 molecule involved in signal transduction for IL-6 and a number of other cytokines (14) . This molecule is expressed also primarily on CD4 cells in adult blood (Fig. 3) . Figure 3 shows that p80 and gp130 are expressed on cord cells, although at generally lower levels.
TNFR. There are two independent TNFR, p55 and p75.
Antibodies against the p55 receptor did not stain cord or adult lymphocytes (Fig. 4) . p75 expression was detected on a proportion of adult lymphocytes, including CD4, CD8, and B cells. Staining was reduced in cord cells compared with adult cells (Fig. 4 and Table 2 ). ZFN-y receptor. Antibody against IFN-y receptor stained T and B cells in adult blood (Fig. 6) . Although all B cells stained, CD4 and CD8 cells showed weak staining, which overlapped the negative control but did not resolve into a positive and a negative peak, suggesting that all T cells show very low level expression. In cord blood cells, T cell staining was weaker, but B cell staining was as strong as on adult cells. Figure 7 shows the staining pattern of monocytes from cord and adult blood with the cytokine receptor antibodies. Cord monocytes express both chains of the IL-2R, as well as receptors for IL-4, TNF (the p75 receptor more strongly than the p55 receptor), and IFN-y. Although monocytes from both cord and adult blood expressed IL-6R they did not express the gp130 chain, suggesting the IL-6R is nonfunctional. Two sets of cord and adult samples were compared; receptor expression was consistent, but there were no major consistent differences between cord and adult monocytes in terms of cytokine receptor expression. 
Expression of Cytokine Receptors by Monocytes
In Vitro Lymphocyte Cultures
Responsiveness to ZL-4 in vitro. To determine whether the IL-4R on cord B cells is functional, adult and cord lymphocytes were cultured with IL-4 at 25 and 100 U/mL for 24 h. The cells were then stained for expression of MHC class I1 antigen, CD23, and surface Ig, which are all up-regulated by IL-4 in adult cells. Cells were stained simultaneously with CD19, to allow analysis of marker expression specifically on B cells. Table 3 shows the results of one experiment; a replicate experiment on different blood samples gave similar results. CD23, MHC class 11, and surface IgM and D were all upregulated in cord, as well as adult blood B cells.
Regulation of receptors by activation stimuli. Cord and adult blood cells were cultured with PHA at 5 pgImL, a concentration demonstrated by preliminary experiments to induce blastogenesis and proliferation. After 3 d, the expression of a number of markers was examined. PHA led to blastogenesis, which was seen as increased forward light scatter in flow cytometry (Fig. 8 ). There was a major increase in the expression of the p55 chain of the IL-2R, and a smaller increase in the expression of the p75 chain of the IL-2R and the p75 TNFR, in both cord and adult cells (Fig. 9 ). receptor antibodies, compared with a negative control, for cord (left column) and adult (right column) monocytes. The receptors identified by each CD are listed in Table 1 .
DISCUSSION
relatively refractory to up-regulation (16) (17) (18) . The relative lack Cytokine receptors are sometimes present at very low concentrations (10-1000 molecules per cell), and can be functional at these concentrations (1-7). These low levels require the use of specialized high sensitivity methods if the receptors are to be detected adequately (1-4, 6-7). Using such high sensitivity methods, receptor expression was lower on cord than on adult lymphocytes, for most of the cytokines studied. However, there was a large range of values for some of the receptors, so that differences in mean values were statistically significant for only a limited number of comparisons ( Table 2) .
The p55 chain of the IL-2R has a short half-life (15) , and its expression therefore suggests recent or ongoing activation. The low levels of p55 on cord cells fits with their anticipated lack of immune stimulation. The p75 chain of the IL-2R, on the other hand, is expressed constitutively on adult cells and is of p75 on cord T cells (but-not on LGL) suggests that this a feature of the relative immaturity of the cord cells. p75 expression would be expected to rise in the first months of life as the immune system achieves competence, and this is one parameter which might repay examination in patients with immune deficiencies. The same may be said for the IL-4R on B cells and for the IL-6R and the p75 TNFR.
In vitro activation experiments showed that IL-2R and TNFR, which are expressed at relatively low levels on cord cells, could be up-regulated by activation. These experiments show that cord cells can respond to broadly acting activation stimuli, but are not intended to mimic the maturation events that would go on in the neonate.
The B cells of cord blood have a phenotype suggesting a relatively activated state (19) (20) (21) and appear to belong to the * Mean fluorescence intensity (MFI) recorded for the positive peak, except in the case of negative controls and CD23, when the MFI is given for the whole population, because two populations were not completely resolved.
Read at reduced amplifier voltage to keep peak on scale. CD5 subset (19, 20) , which is a relatively rare B cell in adult blood. The selective expression of receptors for some of the cytokines that can act on B cells (IFN-y) and the relative absence of others (IL-4, IL-2, IL-6, and TNF) suggests that cord B cells are activated, but represent a functionally distinct subset, in accord with the CD5 hypothesis. In the case of the IL-4R, there was significant receptor expression on cord cells, although lower than on adult B cells. Functional studies showed that cord cells express a functional receptor, capable of responding to IL-4 to give phenotypic changes similar to those seen in adult cells. The presence of IL-7R on cord lymphocytes is in agreement with the reported role for this cytokine in lymphocyte development (22) . Monocytes expressed a cytokine receptor profile that was broadly similar to that seen on adult cells, suggesting that neonatal monocytes are functionally mature. The essentially normal levels of IL-2Rp75 on LGL in cord blood suggests that LGL may also be functionally mature.
The selective expression, by some neonatal cell types, of adult levels of some cytokine receptors, whereas others are expressed at much reduced levels, indicates a degree of complexity in the regulation of cytokine receptors during maturation. Different cell types regulate their receptors differently, perhaps in tune with the functional requirements of the developing immune system.
